S_in.ary Clonal interaction between three subpopulations of Ehrlich carcinoma were studied during growth as mixed solid tumours and as ascites tumours in immune-incompetent nude NMRI mice. The tumour cell lines differed in DNA content as determined by DNA flow cytometry (FCM). Tumour (Aabo et al., 1989) .
During tumour evolution, genetic changes may lead to emergence of new tumour cell subpopulations with diverging phenotypic characteristics (Nowell, 1976) , thus resulting in a heterogeneous mixture of cells differing in immunogenic properties, in metastatic ability and in responsiveness to cytotoxic agents. In heterogeneous tumours, little is known about the implications of such interaction between subpopulations for the further evolution of the tumour. In previous studies we have shown that an immunogenic Ehrlich carcinoma subpopulation grown in close contact with nonimmunogenic subpopulations subcutaneously was able to induce an immunological response against the non-immunogenic populations in immune-competent mice (Aabo et al., 1987 (Aabo et al., , 1989 . Further, a non-related P388 leukaemia cell line was able to dominate both the immunogenic and the nonimmunogenic Ehrlich cell lines when grown in mixed solid tumours. This domination did not involve an immune reaction and required close in vivo cellular contact (Aabo et al., 1989) .
Clonal interaction between tumour cell subpopulations has been reported in other munrne tumours (Miller et al., 1987 (Miller et al., , 1988 Korczak et al., 1988; Ichikawa et al., 1989; Enoki et al., 1990; Staroselsky et al., 1990; Samiei & Waghorne, 1991) as well as in human tumour systems (Leith et al., 1985 (Leith et al., , 1987 Staroselsky et al., 1992) . We here report on the interaction of three sublines of Ehrlich carcinoma in immune-incompetent athymic nude mice in which no immune reaction to the cell lines was elicited.
Materiak and metbod

Experimental design
Mixtures of three Ehrlich carcinoma cell lines which were distinguishable by flow cytometric DNA analysis because of differences in their DNA content were inoculated subcutaneously in nude mice. After 2 weeks of tumour growth, the mice were killed and the tumours were excised and weighed. Fine-needle tumour biopsies were prepared for flow cytometric DNA analysis in order to determine the relative (Vindel0v & Chsense, 1990) . The DNA index of the tumour cells was determined as the ratio of the DNA content of the tumour Go + G, cells to that of human diploid cells by the use of chicken and trout red blood cells as internal references (Vindelov et al., 1983) .
Per cent labelled mitoses (PLM) The tumour cells were inoculated in both flanks of the mice.
Fourteen days after tumour cell inoculation, 40 #Ci of 3H-labelled thymidine (specific activity 6.7 Ci mmol', New England Nuclear) was intraperitoneally to the mice. At intervals after the pulse labelling the mice were kiled. The tumours were excised and immediately fixed in 4% buffered formaldehyde. Autoradiographs were prepared as previously described (Aabo et al., 1989) . One hundred consecutive mitoses were examined for labelling in resentative areas of the tumour. Thus the number of labelled mitoses was the PLM. Mitoses labelled by four or more grains were consided labelled. This detection limit was based on the comparison with the background labelling in sectons from umlabelled tumours. If labelling had failed, that is if no labelling was present in the basal cells of the epidermis, the procedure was repeated in order to obtain a new pair of PLM data at that particular time point. The PLM data were analysed by a computer program (Steel & Hanes, 1971) calulating the duration of the post-mntotic phase, TGI, the DNA synthesis phase, Ts, the premitotic gap phase, TG2, and the median cell generation time, Tc, together with the fre- On day 7, the median number of E1.15 cells was 4.9 x 10' (range 3.3-5.6 x 10') and of El.95 4.3 x 10' (range 2.4-6.9 x 108). The similarity in growth kinetics between E1.15 and E1.95 was further documented by the similarity in cell cycle distributions (Table II) .
The median proportion of diploid host cells was 2% in ascites from E1.15 and 6% in E1.95 ascites.
The relative proportions of E1.15 and El.95 in the inoculated mixture were 44% and 56% rmspectively. After 7 days of intraperitoneal growth, the median proportion of El.15 was 38% (range 36-47%) and of El.95 62% (range 53-64%), as exemplified in Figure 5 . . Clonal dominance has been reported in murnne tumour systems using a colony formation assay in selective media after tumour disaggregation (Miller et al., 1987 (Miller et al., , 1988 , DNA flow cytometry (Miller et al., 1987) , chromosome analysis (Ichikawa et al., 1989; Staroselsky et al., 1990) , androgen receptor analysis (Ichik-awa et al., 1989) and genetic tagging (Korczak et al., 1988; Enoki et al., 1990; Samiei & Waghorne, 1991) . In these studies, a mouse mammary tumour (Miller et al., 1987 (Miller et al., , 1988 Korczak et al., 1988; Samiei & Waghorne, 1991) , a mouse fibrosarcoma (Enoki et al., 1990) , a mouse melanoma (Staroselsky et al., 1990 ) and a Shionogi carcinoma (Ichikawa et al., 1989) (1991), on the other hand, found that clonal dominance was independent of metastatic ability. Both Miller et al. (1987 Ichikawa et al. (1989) argued against such a mechanism. Korczak et al. (1988) found that the progeny of a very limited number of clones dominated in advanced primary tumours after inoculation of multiple clones and that metastases were of mono-or biclonal origin. Using phase-contrast microscopy to identify individual colonies after tumour disagg gation followed by in vitro growth, Leith et al. (1985 Leith et al. ( , 1987 have shown that equal mixtures of two subpopulations of a human colon tumour grown in nude mice are unstable, and that one clone will overgrow the other until a stable equilibrium of a 1:9 composition is reached. In a human renal cell carcinoma grown in nude mice Staroselsky et al. (1992) using genetic tagging demonstrated that distint clones dominated metastases of different organs and concluded that clonal dominance was influenced by organ environment.
From the present and the cited studies, it can therefore be concluded that growth of tumours containing more than one subpopulation seems to a certain extent and for a certain period of time to be detrmined by dominating cell populations. The mechanism of this phenomenon still remains to be elucidated. However, the results indicate that the cells need close cellular in vivo contact in order to exert this interaction. It is likely that the phenomenon is exerted by cell membrane contact or by short-range mediators.
The phenomenon of clonal interaction expressed as cellular dominance among tumour cell subpopulations may explain fundamental tumour biological characteristics. According to the clonal evolution theory (Nowell, 1976) , genetic instability of the neoplastic transformed cells results in emergence of new subpopulations. However, using flow cytometric DNA analysis on malignant tumours, only one or a few subpopulations are usually found (Vindelov et al., 1980) . This could be a reflection of the limitation in sensitivity of this method concerning detection of minor DNA aberrations; however, an alternative explanation could be that pre-existing subpopulations are extinct or suppressed below the detection limit of this method by cellular dominance imposed by other subpopulations. Thus, it is also tempting to explain the inhibition of the normal haematopoiesis leading to cytopenia, especially in acute leukaemias, but also in other bone marrow malignancies such as chronic leukaemias and multiple myelomas or in bone marrow metastatic lymphoma or carcinoma on basis of clonal interaction (dominance) between the malignant stem cells and the normal haematopoietic stem cells.
